An accurate and reproducible recording of laryngoscopic view at tracheal intubation is an important aspect of anaesthetic practice. Unlike direct laryngoscopy, in which the view achieved by the line of sight directly relates to the ease of intubating the trachea, videolaryngoscopy can create a situation in which the view is good, but intubation difficult or impossible. Communicating this to a subsequent anaesthetist is important. We compared three scoring systems: Cormack and Lehane; POGO (percentage of glottic opening); and the Fremantle score, as used by 74 critical care doctors rating 30 anonymised videos of videolaryngoscopic intubations. Accuracy (degree of agreement of score with an expert panel assessment) was higher for POGO (75.5%) and the Fremantle score (73.9%) than for Cormack and Lehane (65.4%; p < 0.001). Intra-rater reliability (mean free marginal Kappa for ordinal scores and mean Cronbach's Alpha for continuous score) was higher for Fremantle score (0.796) and Cormack and Lehane (0.773) than POGO (0.693). Inter-rater reliability for Fremantle score (0.618) and POGO (0.614) were similar and higher than the interrater reliability of Cormack and Lehane 0.464 (p < 0.001). The higher accuracy and inter-rater reliability of POGO and the Fremantle score suggest they are preferable to Cormack and Lehane for use when documenting videolaryngoscopy. The additional information about ease of intubation conveyed by the Fremantle score may support its routine use in recording videolaryngoscopic intubation.
Introduction
Clear, concise and accurate communication regarding previous attempts at laryngoscopy and intubation is critical to the safe care of patients undergoing general anaesthesia. This was the underlying principle of the Cormack and Lehane (CL) score [1] . Because CL description of the view is not quantitative, alternate systems of description such as percentage of glottic opening (POGO) [2] have been described, that require the viewer to estimate a numerical score; these have the advantage of better inter-rater reliability [2, 3] .
The importance of glottic view at direct laryngoscopy is in its relationship with intubation difficulty. Due to the direct line of sight, the worse the view, the more likely it is that intubation is difficult [4, 5] . However, videolaryngoscopy presents an indirect rather than direct view of the glottis. The path of the tracheal tube does not follow the direct line of sight of the operator [6] . When view and ease of intubation are decoupled in this way, the documentation of view alone is uninformative. Numerous authors have questioned the use of scoring systems based on view alone for videolaryngoscopy due to this risk [7] [8] [9] [10] [11] .
The intubation difficulty scale (IDS) [12] is a seven-point numerical system describing: number of attempts; additional operators; alternative techniques; glottic exposure (by CL score); lifting force; external laryngeal manipulation; and cord position. It correlates well with operator-rated difficulty of intubation and time to intubation but this correlation is better during direct rather than indirect laryngoscopy [13] . The IDS is commonly used in videolaryngoscopic research [14, 15] , but due to its complexity may not be frequently used in everyday clinical practice.
The Fremantle score (FS) [16] is a simple, 3-element score describing 'view', 'ease' and 'device' (see Fig. 1 ). The 'view' is the best achievable view of the vocal cords (full (F), partial (P) or none (N)), the 'ease' of intubation is given a numerical score (1, 2 or 3), and 'device' simply describes the videolaryngoscope (including blade) used. As an example, a successful intubation in which an incomplete view of the vocal cords is obtained and a bougie is used to successfully intubate on first attempt using a CMAC (KarlStorz, Tuttlingen, Germany) size 3 blade, would be a 'P 2 CMAC3'. The Fremantle score has been found to be easy to use and understand in initial assessment but has not been validated [17] .
The purpose of this study was to compare accuracy, intra-and inter-rater reliability of the Fremantle score with CL and POGO scores; the last two also being used commonly to describe the view of the larynx at videolaryngoscopy.
Methods
Doctors from anaesthesia and emergency medicine were asked to rate videos of intubations, which had been obtained with written consent from patients. All participants voluntarily agreed to participate in the study and responses were anonymised. All aspects of this study were prospectively approved by the South Metropolitan Human Research Ethics Committee (Western Australia Health, Australia).
The videos were presented to a convenience sample of 74 raters in uninterrupted sessions with no discussion or collaboration between raters. They were presented with 30 videos of intubations and rated them using CL, POGO and the Fremantle score using a standardised scoring sheet containing tick-boxes for CL and FS, and space to write percentage for POGO. For the CL, the modifications by Yentis [4] (2a and 2b) and Cook [18] (3a and 3b) were used. For the FS, raters provided their assessment of view and ease of intubation, but not the device used. The comparison of CL, POGO and FS is presented in Fig. 1 .
Additional data collected included: the experience of the raters in airway management; duration of work in critical care specialities; their experience with videolaryngoscopes; and scoring system(s) used currently when documenting videolaryngoscopy in clinical practice.
To obtain the videos, patients undergoing intubation for surgery were asked to provide consent for recording of the intubation of their trachea. This was then undertaken using a CMAC videolaryngoscope during a 3-month period in 2014 at Fremantle Hospital (Western Australia, Australia). Each de-identified video recording commenced when the blade entered the mouth and ended at the end of the intubation attempt. A recording of the monitor showing end-tidal CO 2 was included to show the success or failure of the intubation. Twenty-five suitable original videos, of various views and success, were identified and included for presentation to raters studied. Five of these videos were repeated during the presentation to assess intrarater reliability. The 25 unique videos were used to assess accuracy and inter-rater reliability of CL, POGO and FS at videolaryngoscopy.
An expert panel consisting of four senior anaesthetists independently rated all video recordings. Videos were only considered for inclusion in the study if there was consensus among the panel (agreement in scoring for CL, FS and POGO mean AE 5%). These ratings were defined as the 'correct' score for assessing accuracy. For CL and FS to be considered correct, the rater's answer had to be the same as the score of the expert panel. For POGO to be considered correct, the rater's answer was required to be within 15% of the panel's mean. Missing scores were considered incorrect.
Reliability was assessed for the ordinal CL and FS using the Fleiss Kappa statistic and for the continuous POGO score using a Cronbach's Alpha. The two statistics are similar but not directly comparable. Missing data were considered incorrect. Intra-rater reliability was assessed by measuring raters' agreement with the scores assigned on the five videos repeated in the presentation, that is, whether they agreed with themselves when presented with a video for a second time. Inter-rater reliability was assessed by how raters compared with each other for the 25 original videos.
Data were analysed using SPSS and the Online Kappa calculator [19] . Means from continuous data were compared using a t-test and categorical data assessed with chi-squared or Fishers exact tests. A p value of < 0.05 was considered statistically significant. Accuracy was assessed using chi-squared tests and Fishers exact test.
Results
Most participants were anaesthetists, 56/74 (78%), with the remainder being emergency physicians. Their experience, number of intubations, previous use of videolaryngoscopy and usual method of documentation of videolaryngoscopic intubation are presented in Table 1 . Approximately half of the patient videos made were used in the study to generate the diverse and unambiguous range of intubations studied.
Accuracy was highest for POGO (75.5%) and the Fremantle score (73.9%), followed by the Cormack and Lehane score (65.4%). The distribution of responses; correct, missing or incorrect is presented in Table 2 . This distribution of responses was highly unlikely to be due to chance (p < 0.001). The Fremantle score and POGO were more accurate than Cormack and Lehane (p < 0.001), but not different from each other (p = 0.227).
The free marginal Kappa, measuring intra-rater reliability, was calculated for each of the five repeated videos. The mean for CL was 0.773 (95%CI 0.49-1.0); for Fremantle score mean was 0.796 (95%CI 0.52-1.0). There was no significant difference in mean Kappa statistic for CL and FS, 95%CI difference, (À0.23 0.18, p = 0.803). Cronbach's Alpha, measuring the mean intra-rater reliability for POGO was 0.693, (95%CI 0.409-0.977).
The inter-rater reliability of CL, 0.464 (95%CI, 0.461-0.469) was significantly lower than the reliability of the FS, 0.618 (95%CI 0.616-0.622), p < 0.001. The mean Cronbach's Alpha for POGO was 0.614 (95%CI, 0.461-0.740).
Discussion
The main result of this study is that the Fremantle score performs well on all three measures of accuracy and intra-and inter-rater reliability. The POGO score also performs reasonably well. Arguably, once a score is sufficiently accurate (i.e. matches the real situation), inter-rater reliability is the most important aspect of communication (i.e. different operators similarly describe the situation).
The Kappa measure of inter-rater reliability of the CL score that we found in this study (0.464) lies in the mid-range for values reported in the literature [3, 20] , but our scores for POGO score (0.614) appear somewhat lower than previous reports (0.7-0.74) [2, 3, 20] . However, these other studies had fewer participants (just 2-7) than the 74 participants in our study. Since ours is the first study to report reliability data for the Fremantle score, there is no comparable data in the literature. The 'view' component of the Fremantle score (full, partial, none) is similar to the modified Cormack and Lehane studied by Levitan when validating POGO [2] . The reported inter-rater reliability for the modified Cormack and Lehane score, 0.59 is almost identical to the overall inter-rater Kappa for the FS in this study, 0.618.
There are similar agreements of our intra-rater reliability scores for CL with the literature [2, 3, 21] . Where some differences exist (e.g. our intra-rater reliability for POGO score of 0.693 is lower than previously reported, 0.85-0.88 [2, 3] ) these differences reflect our larger number of participants.
We presented and scored the Cormack and Lehane score as modified by Yentis, [4] which defines a 2a and a 2b view, and Cook [18] where 3a and 3b views are defined in this study. This larger number of categories available for participants to score and larger number of participants in this study may have contributed to the lower inter-rater reliability of CL in this study than previously reported. The low inter-rater reliability of CL at videolaryngoscopy brings into question its value for documentation in this setting, both clinically and in research, where measures of success such as time to intubation or failure rates are probably more important [22] .
There are a number of limitations of this study. The rating of the videos was preceded by an education session on each of the scoring systems to be used. This could have resulted in higher accuracy and reliability, but all three scoring systems would have been affected equally. Each video was viewed three times with participants asked first to record a CL, then POGO and then FS. They were able to record any score at any time so it is possible that this multiple viewing of videos improved performance. Watching a video is not the same as using a scoring system real-time in patients, so we do not know how our findings may translate to everyday clinical usage. Although the Fremantle score performed well, it remains unused in worldwide clinical practice and aspects may remain unclear; for example, it is unknown how a practitioner who uses stylets or bougies as standard should use the score.
Future work should assess how these scores, especially the Fremantle Score, correlate with the occurrence of difficult or failed intubation. The routine and simple recording of view, ease and device would help provide clarity to clinically difficult areas of videolaryngoscopic use such as urgent caesarian section requiring general anaesthesia [23] by facilitating the collection of registry data.
